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(57) An objective lens and an optical head including 
the objective lens for reading information contained on 
substrates having different thicknesses using laser 
beams having different wavelengths. The objective lens 
includes an annular phase shifter (101) for decreasing 
an aberration of a focused spot of each of the laser 
beams. The annular phase shifter can be optimally 
combined with the objective lens having inner and outer 
regions each having a different substrate thickness. 
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Description 

BACKGROUND OF THE INVENTION 

The oresent invention relates to an optical disk apparatus for optically reading information from an optical storage 
medium SK^SESj the present invention relates to an optica, head for reading ^alsfrom op^ca. , hm 
thicknesses by using light sources having different optica, wave.engths. and an objecfve lens for use 

" SU StS iC dt^have recently been making remarkable advances as .arge -pic^Nm*^ ^ 
med? SorSly writing-reading methods, storage densities and disk sizes have taken on great d.versrty. Th**« 
b^mi^eTy dicult to ensure compatibility among fhe different systems. Among other th,ngs , CDMCompact 
dST)L presently most popular, and CD-Rs (Compact Disk-Recordable(s)) which are recordable CDs front l«Jd- 
InTco&i^S CDs are becoming equally as popular, .t is desired that development of new optca. d,sks meet the 
important demand for compatibility with such CDs and CD-Rs. rDs and CD-Rs have 

Recently DVDs (Digital Video Disk(s), the next generation of h.gh density ROM tollowmg CDs and CD Rs, nave 
been i^uc^ to the market. To increase the storage density of a DVD. the numerica. aperture (NA) of ar . object.e 
fen ^^sTncreaS from 0.45 for the conventional CDs up to 0.6. Letting X be the wavelength of a laser source t be use* 
he sfze rtTfocused spot on an optical disk is proportional to X^A. so that as the wavelength is made «d Ita 

hI SgeV fhe size of the beam spot can be made smal.er. if the size of the beam spot .s small, it .s possible to read 
hiqhSnsityTnformation pits with good quality, so that the storage density of the optca. disk can be '^eased. 

9 in Tght riM above, the wavelength of a semiconductor .aser used for DVDs is 650 nm instead o 7K nmto CDs^ 
Howelersince an increase in the NA sharply increases coma which occurs when a disk fits, and rather degrades the 
beaTspot rtte impossible to excessively increase the NA. For this reason. DVDs have a substrate *,ckness of 06i mm 
Sr than 2 mm of CDs so that the NA can be increased and the accompanying coma due to a hit can be 
re^uceJ However, since the substrate thickness of DVDs differs from that of CDs, if a CD ,s read -th a °VD^ cated 
SSve lens, a spherical aberration wi.. occur and the beam spot will defocus. ^ > ^^SS^^ 
for optical disks are respectively intended for particular substrate th.cknesses and are beforehand designed to 
sDherica. aberrations which compensate for the particular substrate thicknesses. 

CnnveSona aooaratus for solving the above problem is described in. for example, Opt.cal Rev,ew, Vol. 1 No. 1 
(199? pp 27 29 rthfcon^onalwaratus, a hologram is formed on the surface of an objective MkrM«J 
d s^ and a CD is read with drffracted light, while a DVD is read with transmitted light. The pattern of the hologran^ ns 

designed so as to compensate for spherical aberration which occurs during CD-read. However ,n 
vertional apparatus, since the hologram is used, a beam spot for DVDs is produced even during a CD-read 
wheleas a beam spot for CDs is produced even during a DVD-read operation. In addrt.cn. a beam reflected from a disk 
* aoain diffracted This leads to the disadvantage of unavoidable loss of light power. 

A second uSnverrtfona. apparatus is described in Mitsubishi Electric Co. Ltd. News Release. No. 9507 (June 21^ 
199o} the seco™ convent, apparatus, both an objective lens tor 0.6 mm ^^^^J^ 
disks are orovided on an optical head, and the two lenses are switched when needed by a movable actuator. However 
fn % elaZe ^nce *e Senses are switched when needed, there are problems such as an increase in cost due 
to me use oflwoTensel. the reproduce of the postoons of the lenses, and the degradation of response chm» 

'^d^nS 

conventional ^pa atus an aperture limitation using a liquid crystal is provided, and dunng a CD-read operat, on ^NA 
I ; Si to 0 ?5 so as to reduce aberration. Since a semiconductor laser of wavelength 635 nm .s used for both CDs 

be used for reading CD-Rs whose reflectance becomes quite low for a beam of wavelength shorter th an 780_ nm. 

A fourth conventional apparatus is described in Japanese Patent Application No. 342203/1995. The fourth convey 
tiona^pamtr P mvwi S objective lens in which the inner and outer regions are given different optimized substrate 
SeSs so a P s to realize compatibility between both DVDs and CDs at a wave^h of * 
to be read at a wavelength of 780 nm, this boundary NA needs to be made at least 0.45 or more, but this case leads to 
the disadvantage that the aberration for DVD-read becomes extremely large. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an optical disk apparatus having an optical head for wading signals 
from iSdisks having different substrate thickness by using light sources having different jf^J^^JSw* 
AnotSr object of the present invention is to provide an objective lens for use ,n an opt.cal head for read ng signals 
from^al d°2Thaving different substrate thicknesses by using light sources having different optcal wavelengths. 
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pass oi V2 ntm by osinga tt£Z££23£2 Z^SXSiHZ Pa- 
using a beam wavelength ol 780 ran. Without loss ol ligra paw . .^lengths on an 

lasers lwir«dine,em...elengms. a di^ 

opacal pathwhieh extends troon the "^^^""tSbi™ diverging apparatus, -me optical head 
lasers having ditle.ent wavelengths, an objective lens for ^f^T^i , De , m P rene o,ed from an optoal disk 

wavelengths. 
25 BRIEF DESCRIPTION OF THE DRAWINGS 

The Ptesent - he mote appaten, tion, the Wowing defied desenp«on. when taKen in oon,un*n w* 

the accompanying drawings, in which: 

Fig 1 is adiagram illustrating an objective lens according to the present invention;. 

i st:rsaK=— is? srss sees - - - 

^agS^'Laating a variation in spo, pedormanoe « a OD-raad opeta«on due to . M « . CD-reed 

^i^gr,* • ™« wavetron, aberntfon tea ««-^« "*» » """""^ 

F« 1 1 * a graph illuslraang waue-abenation shapes to. a CD-read operation. 

? 1 E^rsn^^r^sr-on.o.sh^ 
fS3:ssi?»». 

phase shifter are integrated in a hybrid form, and 
Fig. 16 are tables of the specification and shape of a DVD lens. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention w, be ™ 

Fig. 1 is a diagram illustrating an object-ve .ens accordmg ^^X^TiS^ to ^ present invention a 
,ens according to the present inve h « a ^ 1 . The annular phase shift region 

doughnut-shaped annular phase sh.fl t regron ^V^^^^i directly into such a shape in advance. S,nce 
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with a laser beam of wavelength 650 nm, an aberration is made as small as possible by the phase shifter. On the other 
hand, when a CD having a substrate thickness of 1 .2 mm is to be read with a laser beam of wavelength 780 nm, a 
spherical aberration due to a substrate thickness of 0.6 mm is decreased. 

The manner in which an aberration decreases will be qualitatively described below. Fig. 2 is a diagram illustrating 
the wavefront shape of a spherical aberration for an optimized focus position. In Fig. 2, the horizontal axis represents 
the coordinates of the pupil radius of the objective lens, while the vertical axis represents a wave aberration. A beam 
spot to be used for reading a CD with a DVD objective lens has a wavefront shape such as ^t approximately 
expressed by a quartic function, because of the difference in substrate thickness between the CD and the DVD. Fig. 3 
is a diagram illustrating a wavefront shape obtained from an annular phase shifter. It can be seen that the maximum 
value of the aberration is made smaller by the annular phase shifter. ^ , 

The aberration of a DVD must not become large when it is read by using the above-descnbed DVD objective lens. 
One method to compensate for this is to use the difference between a wavelength for a CD-read operation and a wave- 
lenoth for a DVD-read operation so that a phase shift occurs only when a CD is being read and no phase shift occurs 
when a DVD is being read. For this purpose, letting M be the wavelength for a CD-read operation, X2 the wavelength 
for a DVD-read operation, and * a phase shift occurring during a CD-read operation, the following is provided. 

' (n + <|))a1 = mX2 (n. m: integer) E °. 1 

The integers m and n may be selected to satisfy the above equation. If there is no appropriate m or n. the manner 
of the phase shift may also be altered as shown in Fig. 4. In this case, a wavefront shape identical to that shown m Fig. 
3 can be realized by applying a phase shift of -* to the region other than the annular phase shift region. Therefore, in 
this case the following is provided: 

(n- 4>)X1 = mX2 (n. m: integer) Ea . 2 



30 



35 



From this equation, for example, if M is set to 780 nm and X2 650 nm, the phase shift <j> in each region is as shown 
in Fig 5 If the phase shift is selected in this manner, it is possible to decrease the spherical aberration during a CD- 
read operation without at all affecting the wavefront for a DVD-read operation. The term "inverted annular phase shifter 
used herein is a name which takes into account the case in which a phase shift is realized by a phase lag, such as when 
a film having a larger refractive index than air is added. In a case where a phase shift can be realized by a phase lead, 
as by grinding a lens, the annular phase shift region may be directly formed by grinding. Since either case is equivalent, 
both cases will be hereinafter referred to as the inverted annular phase shifter. 

The shape of the annular phase shifter and the optimization of the phase shift will be described below. The Strehl 
intensity which is the main peak intensity of a beam spot having an aberration normalized wrth the main peak intensity 
of an aberration-free spot is available as an evaluation index of a beam spot. However, with such Strehl intensity, a dif- 
ference in NA in the presence of an aperture limitation does not appear. For this reason, the ratio of the mam peak inten- 
sity of a beam spot to a total light power incident on the pupil of an objective lens is adopted as a new evaluation index 
when an aperture limitation is present. For example, even for the same aperture diameter, such evaluation index 
becomes larger as the NA becomes larger, the spot diameter becomes smaller or the main peak intensity becomes 
40 larger. 

2n R 

|j Je i,>(r0) rdrde| 2 

spot peak intensity _ o o Eq. 3 

45 total incident light power in the objective lens pupil " 2n R 

J Jrdrde 

o o 

3n R 2n R 

| j Jc M '' e) rdrde| 2 | J JrdrdOl 2 

„ _ 0 o °_° 

50 - 2^R 3n R 

|J jr dr del 2 J Jrdrde 

0 0 0 0 
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second power of the aperture limitation radius R tnt>M ** ™ 2Snd power of the normalized 

' ^in^el^^^ 

threKness error, a fourth-order spnencal aberration rs given by: 

io 0 n 

and a sixthorder spherical aberration is given by: 

w . j_n%2n 2 -3 A) e Eq. 5 

vv eo 32 n 5 



so annular phase shifter which causes a 
Eq 
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w = \ 



W 60 P 6+ W 40 P 4+W 2oP 2+W oo (OSP^, R^p) 
W 6O p 6 +W 40 p 4 +W 20 p 2 +W 00 +4» (R^psRa) 



The Strehl intensity can be approximated as follows. 
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Therefore, from this equation, R1 , R2 and •)> for a maxirnurnjrj^s weH ^^*^^^j^JJ^Jj^^,^^Q ^J^f \J/oo and 
itation are obtained. Actually, numerical-formula processing software was used when ^ 

to numerical obtain R1 . R2 and , as well as the N A ° ^*^™Z Tz Ind the NA of the aperture .imitation 
inner and outer diameters of the annular phase ^^.^^^S«. and larger than „ - 0.45 based 
was 0.456 and the phase shift was 0.265 X (X = 780 nm , n - °-™V . ^ aperture limitation without 

on Marshal's criterion. On the other hand, when wo^s this ts equivalent to an improve- 

using the annu.ar phase shifter. „ - 0.45 was a maximum J*£^* e aeration occurring during 

workmg accuracy of lenses, and it can be considered thatno^ -^^^^ shift which doeS not affect 
H this optimized phase shift of 0.265 X ,s compared w,th the p d J™ ^ annu.ar phase shifter for m 

a DVD-read operation, it can be seen that the closest phase sh^ is 032I3 X of the^nverted P ^ ^ ^ ^ 

= 2 and n = 2 or of the annular phase shifter for m = 4 and In = 3. Howeve ^ ^« « ^ jn 
,ens which causes a phase shift becomes thicker and *% d ^^ When 
a semiconductor laser becomes larger. Therefore the inverted ann ^ ^^^Vread operation was 

ssv. o 4^s^:i^n s r - — • - - — ,im - 

SoTof NA0.48. This is almost equal to the above-described optimized phase shft. 
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The effects of the annular phase shifter applying to the DVD objective is confirmed by ray tracing. Fig. 16 shows the 
specifications and the shape of the example DVD lens, where R. k, A4. A6, A8 and A10 are the paraxial curvature 
radius, conical constant, 4-th. 6-th. 8-th and 10-th order of aspherical coefficients, respectively. The surface shape is 
defined using these parameters and radial coordinate r by Eq. 8 
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12 + A,r 4 + A,r 6 +A,r 8 +A 4 r 10 



z(r) = + A,r +A z r +A 3 



where the shape is assumed to be symmetrical to the axis. When the collimated light of wavelength of 780 nm is 
focused through CD substrate of thickness 1 .2 mm without the annular phase shifter, the root mean square (RMS) wave 
front aberration of the spot was 0.127931 (X=780 nm) in the aperture of NA 0.45. By applying the annular phase shifter 
of 0 3333 X (X=780 nm) to this lens, however, the aberration was reduced to 0.07366 X (x=780nm). On the other hand, 
when the collimated light of wavelength of 650 nm is focused through DVD substrate of thickness 0.6 nm with the annu- 
lar phase shifter, the RMS wave front aberration of the spot was accordingly less than 0.001 X (X=650 nm) in the aper- 
ture of NA0.6. . , 

The above description has been made on the assumption that the aperture limitation is employed, but this does not 
necessarily mean that an actual aperture is needed. Actually, it can be considered that the above-described process is 
almost equivalent to specifying an evaluation area of a pupil when an optimized focus position is to be obtained by using 
an RMS wavefront aberration as an evaluation function. If a focus error is adjusted so that the RMS wavefront aberration 
becomes as small as possible within the area of the aperture limitation, the aberration of light outside the area of the 
aperture limitation naturally becomes larger and the slope of the wavefront also becomes larger. For this reason, the 
rays in such area cross a focal plane at a position greatly offset from a focus. Therefore, the presence of such rays is 
almost equivalent to the absence of the rays in terms of a focused spot. 

If only the annular phase shifter is used in the above-described manner, spot performance will be improved but a 
Strehl intensity of 0 86 for NA0.45 may not completely suffice when account is taken of a degradation of a spot due to 
misalignment of optical parts, disk tilt, focus error or the like. For this reason, in combination with the above construc- 
tion different substrate thicknesses to be optimized may be provided inside and outside a lens. Such lens is hereinafter 
referred to as the dual optimum substrate lens (DOSL). This lens was invented by the present inventors as a method of 
realizing compatibility between both DVDs and CDs at a wavelength of 650 nm. This method is disclosed in Japa nese 
Patent Application No 342203/1995. However, such lens has the disadvantage that it is necessary to make this dual 
NA at least NA0.45 or more for the purpose of reading CDs at a wavelength of 780 nm. and in this case, the aberration 
for DVD-read becomes extremely large. . 

To solve such disadvantages, a phase shifter and the dual optimum substrate lens were combined to optimize the 
shape of the phase shifter, a phase shift, an inside-outside boundary radius and an inside substrate thickness at the 
same time and it has been found out that such combination has the effect of decreasing both aberrations which occur 
due to the dual optimum substrate lens during a CD-read operation at a wavelength of 780 and during a DVD-read oper- 
ation at a wavelength of 650 nm, thereby further improving the spot performance for a CD-read operation. This combi- 
nation will be described below. 

The wave aberration due to the combination of the dual optimum substrate lens and the phase shift is expressed 

as follows: 



Eq. 8 
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w = 



W 6ol p'+W 4O1 p«+W 301 p*+W 001 ICKpfiRJ 

W 6 01 P 6 +W 401 p 4 +W 201 p 2 +W 001 + 4> (R^p £R a ) 

W e o2P S+ W«0 2 P 4+W 202P 2+W 00 2 + 4> (R^P^R*) 

w 6o2 P 6 +w. Q2 p*+w 202 p 3 + w 002 (R^psR,) 



In this equation, R1 denotes the inner diameter of the annular phase shifter, R2 the boundary radius. R3 the outer 
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,o ,«» an abertation diners between ,nner and outer <™°™^°^JZ ^Xween 0.6 mm thick and 1.2 
te3ionis06mm,hi,*lo,aDVD.^ w40 foI 

mm thick. Accordingly, the dtscnminato. 1 or 2 is /*ttedto» enot rne ae 

spherical aberration tor the purpose ol dtacnm.na.on bewaen the mr and 0 *" e *°"^ |iore „, me mner region 
£» ate detemsned tt^tr MM. so - y^£2SZ2£E2Z* — • 

^^hT^ 

==es^,raS=^ 

by numerical-formula processing software under conditions for m.n.m, 2 .ng the RMS wavefront aberration 

*7ur,^^^^ 

operation at that time is shown in Fig 7. subs trate thickness is made closer to 1 .2 mm, 

intensity for CDs) and a DVD RMS wavefront aberration of 0 .OK Sntrtor of a CD and DVD aberration 
boundary radius of NA0.45. When the phase shrftens no prov-ded .the ^JJ^SJot id. DVD are decreased, 
are 0 414 and 0 031 respectively. Accordingly, the aberration of the light DDot for both a ou ana a uv ( 

comparatively moderate curvature, this tfep may be f^™^"^^ shm o1 a CD-read wavelength. 
^TeCT^ 

of the *ave-abertation shapes, stnce a locus e.tot « opmxec Iwtthm £W ° JP , berralions Become 
hor^al ax* teptesents » «M. <^^£" ^ he vSS al^asents rhe aberrations in a 

aperture limitation becomes more remarkable because of such a large abandon , aberration 
Fig. 12 illustrates wave aberrations for a DVD-read operation at a waveleng* of ™™^™*™^ me com- 
for only the aperture limitation and that for only the fixed phase shifter, both of which are shown in F.g. . oe 
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pletely zero in Fig 12. Fig. 12 only illustrates the case in which the dual optimum substrate lens and the optimized 
phase shifter are combined and the case of only the optimized phase shifter. From the fact that the aberration does not 
become zero even in the outermost portion in which no aberration at all occurs, it is seen that a small focus error occurs 
over the entire pupil This is because the total RMS wavef ront aberration becomes small owing to the small focus error 
if the phase shift caused by the phase shifter is regarded the aberration. In any case, the value of the vertical axis of the 
graph is considerably small and the distinctiveness of the wavefront shape is reduced to an actually negligible degree 
of RMS wavefront aberration. 

F.g 13A illustrates the result of calculations on spot shapes. In the graph, the horizontal axis represents the spot 
size of an intensity which is exp (-2) times the peak intensity of a spot, while the vertical axis represents the value of the 
intensity of a side-lobe normalized with the main peak intensity of the spot. Accordingly, since it is desirable that bolh 
the spot and the side-lobe be small, it follows that a plotted point nearer to the bottom left of the graph corresponds to 
a spot of higher resolution. Assuming that the intensity distribution of the pupil of the objective lens is a symmetrical 
Gaussian distribution, the shown calculation result is that obtained when the ratio of a lens diameter to the range of the 
intensity of exp (-2) times the intensity of the center of the Gaussian distribution in the pupil is 0.1 and the ratio of the 
intensity of the peripheral portion of the lens to the intensity of the central portion thereof is 0.98. 

In Fig 13B a white circle denotes a normal CD lens having no aberration, and as the position of a plotted point is 
nearer to the white circle, read-out performance becomes closer to that of the normal CD lens. Each black square 
denotes a normal DVD lens with only an aperture limitation. As such black squares, there are plotted three points which 
respectively correspond to the case in which the aperture limitation is actually inserted, the case in wh.ch the aperture 
limitation is omitted at that focus position, and the case in which the aperture limitation is omitted and the focus position 
is shifted so that the spot peak intensity becomes a maximum. Any of the cases is inferior in spot resolution to the nor- 
mal CD lens having no aberration. Each block triangle denotes the case in which only the optimized annular phase 
shifter is inserted, and there are similarly three plotted points. 

Although the spot size is considerably improved as compared with the case of the aperture limitation only, the side- 
lobe becomes considerably large if there is no aperture limitation. Each white square denotes the case in which the dual 
optimum substrate lens and the optimized annular phase shifter are combined. Although there are similarly three plot- 
ted points it is seen that these three plotted points are considerably close to one another. In other words, it is seen that 
in this case it makes no matter whether there is an aperture limitation or not, and since the aberration of abeam outside 
the range of a virtual aperture limitation sharply increases, the forming of a spot is not substantially affected. In this 
case, the beam spot is slightly smaller in spot size and slightly larger in side-lone than the normal CD lens having no 
3b©n*3tion 

The reason why the value of 11 which is the evaluation index of the spot performance, is almost equal or slightly infe- 
rior to the normal CD lens having no aberration is presumed to be that the effect of the side-lobe which is not completely 
decreased is canceled by reducing the spot size. In addition, the result of calculations on a spot for a DVD-read opera- 
tion is plotted with a white triangle and diamond at the bottom left. The diamond denotes a spot for reading a DVD with- 
out aberration, and the triangle denotes the case in which the optimized dual optimum substrate lens and the optimized 
annular phase shifter are combined. Spot shapes for DVDs are almost the same. 

Fig 14 illustrates an embodiment of an optical head. Light from semiconductor lasers 41 and 42 of different wave- 
lengths are combined by dichromatic mirror 20 and formed into parallel light by a collimator lens 5. The elliptical beam 
is formed into a circular beam by beam forming prisms 61 and 62. If the efficiency of the optical system is sufficiently 
high or the track pitch of a disk is wider than the gap between a main lobe of a beam spot and a first dark line on the 
disk the beam forming prisms can also be advantageously omitted in terms of the number of component parts or for 
the purpose of decreasing crosstalk between adjacent tracks. The beam is transmitted through a beam splitter 71 and 
reflected by an erect mirror 8, and is then focused on an optical disk 1 0 by an objective lens 3 according to the present 
invention The objective lens 3 is provided on a two dimensional actuator 9. The optica) disk 10 may be a CD or a DVD. 
The two-dimensional actuator 9 moves in the direction of a disk radius in response to a tracking error signal and posi- 
tions the beam spot on a track, and also moves in the direction of the optical axis in response to a focus enor signal and 
positions a focus position on the disk. 

The reflected beam again passes through the objective lens 3 and the erect mirror 8. and is reflected by the beam 
splitter 71 and conducted toward a detecting optical system. The beam transmitted through a beam splitter 72 is formed 
into a focused beam by a focusing lens 1 11 , and enters a beam splitter 73 The beam transmitted through the beam 
splitter 73 is transmitted through a cylindrical lens 1 2 and is made incident on a four-split photodetector 1 3. A differential 
signal obtained from the sum signals of the diagonal components of this split photodetector is outputted from a differ- 
ential amplifier 141 as a focus error signal. 

The beam reflected by the beam splitter 73 is also made incident on a two-split photodetector 1 5. and a differential 
signal obtained from the outputs of the two-split photodetector 15 is outputted from a differential amplifier 142 as a 
tracking error signal. The beam reflected by the beam splitter 72 is focused on a photodetector 16 by a focusing lens 
1 12 and the signal photoelectrical^ converted by the photodetector 16 is amplified by an amplifier 17 so that a data 
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sianal is obtained The data signal may be detected from a sum signal of the outputs from the detector for detecting a 
2£ SwThthis case the servo signal may be detected by band-limiting a signal detected up to a s,gnal nana. 
SSJSlSii^lS or the -ike. The'servo detecting-optical system is one example, and another system may also 

bC iSough the above description has referred to the embodiment in which the annular phase shifter is tajedijte- 
orally Se *jS^e lens, Fig. 1 5 shows another embodiment in which a DVD objects lens 18 and an ^ependen 
9 Z rZco ThHter 19 are intearated in a hybrid form as an optical head which is incorporated .n a two-d.mens.onal 
SS S'sTni ES^S^S^ is substituted'for only a portion responding £ «he optica, system 

Ro 14 which extends from the erect mirror to the disk. Fig. 1 5 shows only the corresponding portion 
° f By using an annut phase shifter or by optimally confining the annular phase shifter ard an aving 
inner and outer regions each having a different substrate thickness which causes no aber ; a ^l^ 
nvo havina a substrate thickness of 0.6 mm with a laser beam of wavelength 650 nm and a CD having a substrate 
th^kneTof 1 \ > mm wrth aLer beam of wavelength 780 nm by one lens without the need tor an aperture hm.tat.on. 
Thus using the present invention it is possible to provide a small-size inexpens.ve optical head. 

WhHe L present invention has been described in detail and pictorially in the , acc ° mDa ^^^^^ 
ited to such deLls since many changes and modifications recognizable to those of ordinary stall in the art may be made 
to the invention without departing from the spirit and the scope thereof. 

Claims 

1 An objective lens for focusing two laser beams having different wavelengths through substrates having different 
th^eSes tor the respective" wavelengths, comprising an annular phase shifter for decreas.ng an aberration of a 
focused spot of each of the two laser beams. 

2. The objective lens of claim 1. wherein the two laser beams are focused without aberration by an inner region and 
an outer region of said objective lens. 

3. An optical head comprising: 

two semiconductor lasers for generating two laser beams having different wavelengths. 

a^wlS rSrbirref le'cfed from an optica, disk on an optica, path which extends from said 

rSSSSZS?: Supposition control signal and . data sign*, from the reflected beam 
diverged by said diverger. 

4. An optical head comprising 

at ipa^t two semiconductor lasers having different wavelengths, 

an X^e Z tor focusing beams having the respective wavelengths on optical disks having d-fferent sub- 
1^S!^^mm for decreasing both aberrations of focused spots having the 

diverging means tor diverging a beam reflected from an optical disk on an optical path which extends from said 

semiconductor lasers to the optical disk, and «rfiPrted beam 

detecting means for detecting a focused spot position control signal and a data signal from the reflected beam 

diverged by said diverging means. 

5. The optical head of claim 4. wherein said objective lens has different substrate thicknesses for focusing the beams 
without aberration in its inner and outer regions. 

6. The device of any preceding claim, wherein sa« substrates include a substrate having a thickness of 1 .2 mm and 
a substrate having a thickness of 0.6 mm. 

7. The device of any preceding claim, wherein said annular phase shifter is integrally formed in the objective lens. 

8. The device of any preceding claim, wherein said laser beams include a laser beam having a wavelength of 650 nm 
and a laser beam having a wavelength of 780 nm. 
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